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(57) Abstract: 

PURPOSE: To improve mutual conductance of an 
MISFET. 



and charge carriers in the channel are located based on 
the single peak percentage level. Mutual conductanc of 
an element is optimized by controlling the position of 
the carriers. 
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CONSTITUTION: A single peak percentage level is 
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[W*«l] M I S F E TT^otx 
-f ) SI 0*IM¥«*ttf40>3K£. 

BrdiimE fcf- £ Eft?* u ^ ;ucd t C 5 £ -at * cfc 5 »c 

a) tt^r *JUBcoJbKEBLfc«MBB 1 

x) tt* v -y :/B*>±KEBLfcy- h*li*B<S:. 
*) »y- h*tt*B0>±CEBLfcy- 

[18*312] l«#«lEaW>M I S FETTiot, 

spU^M^*, 1 0 5 0 %<7>esQfflJC*-5, MISFE 
To 

[1***13] BI*flI2E«OM I SFET^-pT, 
«E&4f©ll»E» 2 fcf- 9 5# 

Vl^JH*, ^3 0%^^, M I SFET. 

[I**Jg4] SS**IlE«OM I S FE-moT. 
l»E*-b:-*S#*U'<JWi, WE^lr*^«a>£^ 

^atisiL/i* i srjc»2(^£*ffi<DBsj^wn€>^^«n 

^iCiSttLfc. MI SFET. 

[1***1 5] i**lg4E«cDM l S FETT^^T, 

ffllCfiBLfc, M I S F E To 
[fl«9 6] M5RlBlE«OM 1 S FET^^t, 
MESS 1 U 3 >T»*. MISF 

EL 

[«aa7] w*Ji6Ett0)M i sfett^t, 

(HIESB2**ff«»tty;UTX^AT»*. MISFE 
To 

[S*#JB8] a*fl7EI«)M I S FETTfcoT, 

mEd**coyjUTx»>AcowfE*— tr-^w»*u^ 

JW*. 1 0%-5 0 96O<8fflrticA*, M I SFET. 

im^mo) a*JHiE«toM i s fett^t, 

ME*e»*BKB6ftttT**- MI SFET. 

[1***1 I 0] a*fl9E«(0M I SFETTJ)^ 
T. MEBfbttJixBffc^U 3>T* MISFE 
To 



(2) ^^?4 - 2 4 7 6 6 4 

1 EROM I S FETTt-3 

t\ s*=>nimEa«<7)±(cEBLfe. mEi-3<&wtt» 
ic-ra< K-^ufcmEJB i *mmm<Dx¥9*i/+ 

)imt, WE9 1 v*^Bi»EB< K-^LfcBtconn 
SCEBUfc. MEKl#**ttS«xW4yt)^X 
^-Iflt, SStJMISFET. 
(M*«l 2] XMH-yWM I SFETWoT, 
-f) s/ , J3>Sfic:» 

p) ttS£±:::BBLA.. S i loo-. G e«<7)&£cox 

Lfc, fifjEtf)Xtf**xr;U • *;UB£. 

a) K^r *^B±iwEBLfc->U 3>coxbf^*"> 

■WU • *y y'Mts 

x) v v rg^JhCEHLfc^Kffcv U =3 >coy 

*) Mft»*B*>±icEBLfcy- hg®^ 

-\) «9E*^ -y ^BR^fflE^v^^B^T^^ftJE 

>«»<!:, A>S««fcnH — T^MI S FET. 
[1***113] »*!ll 2E«<BM I S FETT*-3 

r, mE&ft+<?>mE*2*w(*«»^mEiii--tr-^ 

S F E To 

[1***1 1 4] 1***11 3E80MI SFETTfco 
30 X. !»E**^W(mE*24 t W*«S«)mE*-t;-^ 
S5t*U^SL «3 0m*, MISFETo 

[H«H1 5] §**0U 2EWM I S FET^-d 
T, WEm-tf-? 'Sff^U^Mt. iBEf^^H© 

*|BILfcm«0)J»Rr*Cfl[BS*, *fcttW5£0>«BFtt- 
(WE^^^^BrtO+VJ 7Hln >y** >X£^if 
*Ci-*«fc^«CB«Lfc. MISFETo 

[M*QU 6] m*mi 2E«©M I SFETT^^ 
T* S6ClUIElSK«)i:JcEBLfc, »El^it» 
-TO STK K-yUfcttEIBl^MWMfWOXK^ + ylr 
;iB<h, IBE?t *^BilHEB< K-^LfeBiaWI 
KEBLfc. MES 1 ***«#40)Xbr^*xv^ • X 
^— tf-Si. ^OMI SFET, 
■[M*«l 7] MH-^»MOSFETtKffT* 

ESft!*. llflESi 2 ^*ttf4ro§^$$fiiieft *JU 

50 awc*-«otr-^e» *u^^^«*i5itrfK^cU 
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(3) 



-) iftgsy- hi»*@±cy- Hit»«T5^ 

* [»**B1 8] 13**11 7E«0;#iST*^T, SfllE 
<D?v*)l®ZBi&'tZATy7\t. iffiKS-£* corns 

^IHRUft. life* 

GeSitSot, WE&*t^y^7Z^A 

(28*JI2 2] tmm2 lEKCD^rftTifcoT* Wffi 

aa*a^-iEftx'j =i >T£ft, 
i»e» i * • *«fs» ox e ^ * -r ■ * * *r ft x 

T7^, (»Eft*;Ht(|llEI< H-^LfciW 
[ 0 0 0 1 J 

.jchu zo&mzit* mK^>y*7* >x*&&rz> 
rz&izmmM>*) z}> • y/u^x^A - ^ 

fcfto 

[0 0 0 2] 

■r ><t0>rai£EBLfcy-- h 



*#f»W4 - 2 4 7 6 6 4 



^ (MISFET) ^O^r^;KOlBB«CEBL 
fc««JB(;:*fU &K««*«iOftttTi^ft, tit, 

coy- h^ffiicsPAftiiET, wtWrtwv- 
Ku-r >^sft«wostn«:»niip-rft«t^i3LT 

[0 0 0 3] *«#tLTt0yU3><0^-Ott. 
SttftJzSII/jioTHft. y;U"7X0 AOd: ? tt-tOffi 
ft. C0J;5>i»o**'J7»»fttt. ««*Wfc:fct*v 

s^b. a*u^t>oT*ft. -eox-r •>5 i >y3ig^ 
*<antf3CtftS* -e-ow^o*^!*. *ftffi^co*tt 

fl$RBrt tc <fc 0 * < CD S&f£ £?t o w ch * ft • 

[ooo4] >-y;P7-»)A&4tt, c<d£& 
fi6*s*ftct*«T* ft. znco^Tii A-yju 

(T. P. Pearsal l) <ht*— > (J.C. Bean) CD "Enhanceme 
nt- and depl el ion-mode P-chann el Ge» Sii -, modulati 
on doped FETs " , IEEE Electron Device Letters. EDL 
-7, pp. 308-310. 19 86. ^7h (R. C. Taft) £ 

(LD. Plummer) tv-tV (S. S. Iyer) £> "F 
abrication of a p-channel B1CF ET in the Ge, Sii-*/S 
i system" . International Electron Device Conf. Di 
gest. pp. 570-573. 1988 ©*«£#!8£ttfcl>. 

^^^(Ot?, y^TXC? A£ ->U 3 >CD^££afr/S 

&ft„ bp*>. y^-^x^Aoeatt^^JEai^n-r, 

*3l$>ft{£ffcJi£^*ft. ZtHZ~D^Tte. (K. 
Casper) CD "Growth Improprieties of Si/SiGe Super 
lattices" MSS-II Proceedings, page 703, Kyoto. Jap 
an. September 1975 t* (D. V. Lang) 9V<D "Mea 

suremeni of the Band Gap of Ge,Sh-*/Si Strained L 
ayer Heterostructures " . Applied Physics Letters, 
47, page 1333 (1985) Z^mZtlfz^. Z<7><kofc5ffl 
m\Z~D^T* %1fr<»tf)l-7\t* 2*7C<7>S^£IE?L 
<7>«XJBS:^SE-CfrftCi:*HSELTC^ft. jE?L 

Htw^v^TJi*E»OxU 3>*c*3Wft«fc0i«t^ i'vO 
:d:^$ntt^, rtltcMbT^, 7>^ (P.J.Wa 
ng) ^cD "Two-dimensional hole gas in Si/St o.^aGe 
o.i»/Si modulation-doped double heterostruciure 
s" . Appl. Phys. Lett. Vol. 54, No. 26, p. 2701 (19 
89) £^i?S£ tlfz'-K 
[ 0 0 0 5] ^-cOcfc ofc'> XrA C^ttftlETL^WS 
tt, St^iEfl-W/O K<hit^ft<hgUIE7LcD/0 KcOX 
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&<k**ftlC(Sl>. t<D±, *>'J3>±<0'>3 y 

f»»CSia-C) ffiBT, /X-VJl (Pearsall) ftCQM 
ODFET*^(OiBiaW«iBtt*«Hll*Cft*CtJlSi: 

[0 0 0 6] tt«»«F 0 3 2 3 8 9 6 AZIt Si 
^C90-l 0 0%C0GeO£&TJgB£L£y^V-^ 
2* - ft^COMOSFET^^ffl 
'^LTl^. **»JBT»0* f Lt: 

co^^^;kd&«35^'.±» •>U3>ti:90-ioo% 

C7Ao^ii«, cncow^-jeat s \ ii^nt^ra 

XRS^a^-T*. ZOl&oteM&lt* ***)7<n»ttX. 

!EfirWfl)Ge^77^l' 

- l 0 0 %y>vr^A * *JHc5*S£»fc:» 
**** r^^'UH ^-OG e 75 h-^SSSSlC^H 

[0 0 0 71 1 9 8 9*5« 1 5 B»caS«B*nL^t>* 

awtwi;»«A*cM«snfc*iit»*FBBBi 07/3 

5 1.6 3 0£*5HT. S i g«±TI$&£-ttfcS i G 
e f t^JH^St^MOS F ETa<IJH*$*lT^£. 

F-PtJQT'?> S iGe§4ii^OyU3>'*r7^ 
7^««^±"f*. :: 2*7C^mi L ^X*/^ 




4*ffl¥4 - 2 4 7 6 6 4 



/5 i 0?#BT«ft< tfl/3S iGe/S i ffSlcfc 
o T t COS T ii X & * ^ teiEJl * X £ ffiJrtcf £ £ £ ic «£ 

R»»*ti?*tU7<0^i«tt. T£££:tt (S i 
/SiGe y-H:fit^1+T^0, &o 

ri>U **'J7»»iJ*tt, URIC a, ^oy-htcst) 

Jj\Z'&Wizltm?2>B.2 <D£i&-?$>Z>mi L <DteM.zi>y 

[0 0 0 8] 

[»«*<»»Lck^tr3>*H] Wot, mrz&zm 

3? X£fco£S i Geft^J^Wt^, MOSFETfi 
[0 0 0 9] 

^♦a^T, *W*vU7rt<^ir*JWBfl<BtO::J>* r 

^^✓x^aat^^w^ftcfiB-rsct^^LfcM i s 

FETi;^]^^t^6« &f£W<DZ<DM I S FET 
$<03l36<E«xfc:^*x-WU - ^-^JUJI*, S1S<7)-b 

ty-xiHl^OSW, -toy— h«S<755tWC>tt 
[0 0 10] .tseo^r ^)V<r>z^uvr-i ;HcttMM»* 

C*0ft ^Brt^afif** , J7CDiim^r^l^T j 5>o 
7S:IK»-r^«aji*0«5l L ^±"f *»^<0£O«» 



(5) 
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S i Gefr ^SS^JCfc^Tli, S 
i tS i G e RflcDA*> K • *7-t^ M*'h2^cOT> t 

bo co cfc o/ha^Bk:ci£n*rtJra*. 

U *a^FETl:^TIl -t^BIHtt, +t'J7 
tt*Jt«l;:£T<&IE?L;tfX*:S i Ge<D&om&®l&<D 

nfct*c:awcB< c&ictofrs. -e^a^iaaco^jz 

5. 

Ttt. StBH-K>^a**ffl^. Cini;:J:0*r U7 
tt±EG>?**;PB*>TK:ttBStfft. *-r«B«(c. K 

7*18 tt. /hdftll K-^X^-ltCiO iES i Ge 
***rt^&»«LT. -f *>fcLfc7*-fc:/***0 
S i Ge^^^;PC0iE?L^6«jaW«C»«r*<fc'5JCT 
ft. ClOXl— **»<-*-*<!:. ***lft»«^v* 
rt^TSftpJfiEttrt***. iU±^J:ofCLr. «SHK- 

[0 0 12] SSC. MOSFETMOftWa« 

U *Ac:ni:J:^ T\ k-^j^os i G e MO 
(OK-/t>h$, M'ODFET&^B1CFET£OW 

v v/^B*«<r*c:t^-t<7)e*«K-hr>y«-3T 

Si. *lWCJfiI±1-4. i^-K-^S i GeOMOSF 
ETlcHftWjfttt. JfilBK-yjeBT- KfcHTtt. ^£ 

«*. jtniK-^BB^-ctt, $-k-7«s 

i GeCOMOS FETICJt^T* SlGeftWW 

r U7fc»Tftlt»fc. «*«fC-r*Ci^T**. 
[0 0 13] 

[Jtttfl] *BWtt, ««»S4f^U«*lftt» 



5 



->u a >*fciiyn,-7 *>tttin - v/n 
it. cdicH»-r««*&vaffia, in-v/n-v 

I*£ttLTt>jBJBTft££a<TSft *>^T*ft. 
[0 0 14] *36W0ft»*?**;UFETTte. ft* 

CftSOWAfe^^TIl BUB 
2, B3£#SBLTta9J-f -5. Bill M»v»Ja>0) 
^ScorfltC^/u/fS i Geft^J^^^OMOS FE 
TIC^^T, ^<^e*^#S»» 7 7 ;^ * L 
£fcCDT&£o 1 5nm/|(Of(Of t^BH 2 2. 
5X^-aGeS»*S;t)ori^. B2(t *&b& 
lC«fcft«»«<07a:77<;US«UTl*ft. wtKAGe 
Si/Si Ge»ffiCfct>T»»C3 0%K£ 
-e±#*i*\ fltSiGe/Si #ffi<0 1 5%iC*T 
^ «W*UT*T*1*THft. B3l±* H 1 iH2K5FLfc 
7'D77'Y^MOSFETi:OUT, ^fl)^**;!^ 

H-BtfnUBdl;:. i^iftWc07 r a77^f^b 
ofeR£*<»£nft. BP^, (l) *^aco« 

«-3ti0«^->*>ttftm^5j«. (2) 

vg*«»<ft*i:on«ji*«*t<fto, Aotan/iB 

30 £9^2nT^££?lC* S I ***:7 r JBKfcttftW* 

[0015] 04 (a) ^05 (a) tt, *n-e*l, * 
^^^^JcDHJIg^JCDG e ^P77^ (H4 (a) ) t. 
&£&ffi<DG e -fuy T-f ;U (H5 (a) ) ^L/iifc 
(7)T£><5., A.U. (t>^XHD- 

A) . HjLtffitOVttTt ft. *fc. WF*A, B, 

c, d, EtA\ b\ c\ D f a. -ecDsyo^r-r 

^6t9fcFET«a«)«iiOftfiOAt»I/tV^ 
fto A-BH 5nmtf)S ifgT&O. B-Ctt, 3 0 
40 ^GeOfcf-^CI^^TnnKOS i GeTfeO. C- 
DH #J13nm-C&fto D-Ete. fOft*^T 
(D§SS i®T*fto A'-B'tt. ffjSnmcflS i 
*0, B'-C'tt25%Ge(D^/D77^;^^ 
9/:S iGeiTfcO, C -D'tt, &iOS i 
ft. B4 (b) £W5 (b) tt. Znb^fZWfitt&tiL 

ah«t«LTt*-5. *fc, ^4 (c) iB5 (c) tt. 
*r l J70fiB*5SLfct)^ir*5. 04 (c) coya 
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7 7-fmoB«^ft», U 7^)MS1 

lofc tr\ft C <D t £ ^ & 0 , *LT.SB<h.SD <t <BfBl 

rft^asoG e ^r*/urt*c h^-y 
ot^s. :nn m-vtixttniTtoo* 05 
(c) a>««&a«e/j:iBi^»«. *rw«>^. 05 

(c) (D»»^<D«^!C*5^TW, ZZXDtiZtfMfiLZ 

iMSlLTl^. BMc^tStfXtl^OT^ 
' CD A' tB'^tOffl^ fints(s^a«o^ 

SfcM£«#*<»3. U 78 

tCttWf £t>0)T»oT, 04 (d) £05 (d) tC 
t*LT£>*. 04 (d) tCfcHT (04 (b) <D&®)1£ 
C0 4 (c) 0>«J***i;>S:W) **U7***ti« 

#fftf±<7)iS^fcc7}£&5 0 — 05 (d) tCfc^T 
(0 5 (b) ) tmm (0 5 (c) ) <7>fB« 
05 (c) t^Lfc^r ^70 

[0 0 1 61 *K\ %W2'?<Dtii&m'70 7T'()MZ>m 
KOl^T, 06 (a) £07 (a) IC^T. 06 (a) 
ro«»ffl^D7 7^fJHt A(D£Z-*><DS i/S \ Ge 
#85K43lr*Ti&* 0. fl/t^<DfH^6 2 . 5 nmCD 
^^CD£d«5OBc0 3 0 %G e lT0%Ge^6^± 
f^T*. tit, f(DGe*tfitt. 15nmff<BRfl« 
^PITITCW 1 5 %£3E0, *LTMfc«#P*TLT 

5 iGe/S i WST&SDt:: *5<^T0 % left 3. £ 
fc, 07 (a) (7)«*4ffl^n ^r-OMcfci^TW:, Ge 

AICfctt£0%a>6, S i/S iGe»It 

*£Be)i sfcicSsTftftica^tf*. 

D7 7^f)^l 7nmWIB|C(O3 0%l:ST«fli» 
U fit 1 3 n milcDfflDcD 1 5 %ICSTH»P*T"T 
-eLT^lC, :^D77^f;Hii S iGe/S i 
»Bi:*5»SE(D0%i:*Tti»i:TSt§. i:IBc7>0 

6 (a) <&w£*5ht«. Hfz&&)®. 

n*<z>T**ic&*c£tt&t*. 07 (a) <r>mmzf 



(6) 




^Pl¥4 - 2 4 7 6 6 4 



Hi*. 0 6 (b) £07 (b) ic^t. :n^i6 

(b) £07 (b) OA'/HSll *nfnB6 (a) 
£0 7 (a) (^y^T-'JAfiiBfefc^JI^KLt 

fccor^s. :tibcOA'> KEKi. -i.o^uhc^y 

LfcIE7L3&«te. •J7^S^®)SC0{ig^n-£ r n 
06 (a>\ 07 (a) L^y JU^X^ ACOg^H 

5#ftt±* V 'J 7£»f*Jt*tt, 06 (b) , 07 
(b) \Z7r>r±olZft<ti.*. 

[o o i 8 j xiz, 0 8 *&m?z>. zniztt, 

i G e *JUC0 MISFET10 ^tIT^ 
-5. rcO08tC^LAcil»9, '>'JJ>S«1 2£tt«\ 
fLTx'J 3 X^Rl^^fiSl: H-yi^i 1 4£ 

20 -x\zxo. m?<r>L2^m&E.&ik*2>. bis com 

K-fcr>y«J*5x 1 0" cm- , l;^T»2- 
5nmT*^ *IC. XM K - :/<& > U n > • X^ 
-+M6£, H-yJB 1 4CD±^C. ft*MfCtt»2 nm 

t>ftl/:7 ^iry^^rS i G e ^ v £fl£*l<5 2 

[0 0 l 93 ca>#^<o^n«=>a)iB»i, *8SSK3<0ffc¥ 

0> ■ xtT^*x-JCct0J«*$-tt 

[0 0 2 01 &IZ* M K--/C0S i Gefr^B 1 8 
X^-^^ 1 6 Oilers £tt£. C<7)S iGef 

[0 0 2 1 1 •>'j3>-+f^|20^ ft* 

«l:aHS2-5nmT. S i Gef t*^8l 8±C 

~mit'> } ) zi><nb<n) ^/ij3>»+f 7^8 
2 0cD±;c?&B$U f Lt:):l:. y-hiH®2 4 (ft 

50 7y7 7^^-7X^>^S^r7f->^tti:<i:0/t^ 
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(7) 



11 

-^!tm?Z>. V-X»«26«B"f>K*28lt 

?ICU f LT#D>tl< H-y-T*. fit. ».£ 
3 0. 3 2. 34&V-X, Hl/<>, y-htf)&fll# 

3-10nmr»0» 124ft 50- 
2 0 0 nrnT^** 

[0 0 2 2] -> i Jn>-y;uT-'}A££j!i 8coy;u 
s 3 > y * * > x £»±miz-r a i: e> team- l & a g 

e^uyy^ )UZX. M&LLXfcZ. :0Ge7'D77 
ii, #J3 0%<b&3 o 

[0 0 2 3] ±«B^t*^a>JK«atfli«IC43^TJi. 

^ittffi^nfo^sttT&tasL^^, ^nti. sic 

S iGell 8i:S i©2 0 <h GORflcO^® 1 9 IC, ^§ 
?L<7>tSJgte, 2;*7cJf2<&£El«5o 2 ^CD^^lO^-c^^f 
H#»«**U tlTV-X 2 6 £ KU-f>2 8 COBB 

jLie^ft® i 9 (cBBitLAci^, -tn«y-Mz5jffi^ 

ij-jl, ^® 1 9^6&nAcf£Hf::2;£7t: 

10 0 2 4] £*>tc. as^w^wsuewicTSLfc^^ 

K. MOSFETWft*iHB«*S!MK-e>yf5 

T, KJ- H-^S S i G e MOS F E TiJtMJBS^ 
-^cO±. MOD F 

ET&^IXB I C FETcnffiJj<D®£V>£olZS i G e 



&m¥-4 - 2 4 7 6 6 4 



12 



««Si*tWCl6l±r*. J^— H-^aKS i GeCDMOS 
F E TUB'S 1 OG0*i|,£{£, MODMOS iC&l^Tte, 

*©MODMOSTtt, ^-K- 
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